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Abstract:  
Microarray gene expression data is used in various biological and medical investigations. Processing of gene expression data 
requires algorithms in data mining, process automation and knowledge discovery. Available data mining algorithms exploits 
various visualization techniques.  Here, we describe the merits and demerits of various visualization parameters used in gene 
expression analysis.  
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Background: 
Bioinformatics provides data mining tools for prediction, 
comparison and discovery. [1]  The growing amount of 
sequence, expression and pathway data demands efficient 
storage and computing systems. Visualization of gene 
expression data is extremely important for biological 
knowledge discovery. [2] Therefore, it is essential to 
develop meaningful visualization tools for information 
extraction.  Available tools require multi-layered analysis 
for knowledge extraction.  
 
Visualization of extracted data represents results in a 
lucid and concise manner. However, improved 
visualization techniques are required for the 
representation of statistical information on genes in 
multiple dimensions (behavioral trend, historical details, 
internal relationships with other elements and external 
relationship with other organisms).  Here, we describe 




Biological data are often in text and numerical formats 
unlike symbols and images. Hence, visualization of 
biological phenomena after data mining is critical. [3]  
This is particularly essential for gene expression and 
sequence data analysis. Comparative genomics also 
require visualization tools for the extraction of 
meaningful insights.  
 
Gene expression data are stored in rows (genes) and 
columns (samples/observations). The use of ANN 
(artificial neural network) and other powerful techniques, 
especially SOM (self organizing map) and HC 
(hierarchical clustering) are well known for visualization. 
[4,  6,  10,  11,  12,  13,14]  Pre-processing of data into 
binary form and then processing through ANN for 
visualization has been demonstrated. [3] However, 
efficient methods are required to communicate results to 
the user in simple and easy manner. Most widely used 
visualization techniques for visualizing microarray gene 
expression data are listed in Table 1.  Data are of three 
broad types in gene expression analysis and they are 
described as follows.  
 
Time series data:   
Gene expression data of a single patient with multiple 
samples taken over regular time intervals is of this type. 
This type of data is easily analyzed and a comparative 
study of the gene expression of a set of genes over time 
is obtained. This is useful in identifying active and inactive 
genes over time. [4] Methods to compare two or more sets of 
time series data for different patients are important. 
Development of such tools requires high dimensional 
processing and mining for visualization of data.  
 
Data with identical parameters  
Samples from different patients are arranged in a 2D grid for 
easy comparison. This arrangement provides information 
about dormant and active genes. [5,  6,  7,  8] Such 
arrangement are useful for (1) establishing new classes of 
disorders [6, 9], and (2) comparison of genes across samples. 
[5, 6, 10]  
 
Data with different parameters 
Data containing many parameters for different sets of 
observations come under this category. GEDAS (Gene 
Expression Data Analysis Suite) developed by our group [15] 
is primarily used for analyzing gene expression data of this 
nature using various visualization techniques. 
 
Scope for improvements 
There are other visualization techniques available for 
incorporation into the current developments. [12, 13, 16] 
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m
 
©
 
2
0
0
6
 
B
i
o
m
e
d
i
c
a
l
 
I
n
f
o
r
m
a
t
i
c
s
 
P
u
b
l
i
s
h
i
n
g
 
G
r
o
u
p
 
 
1
4
3
u
s
e
d
 
f
o
r
 
v
i
s
u
a
l
 
i
n
s
p
e
c
t
i
o
n
 
o
f
 
r
a
w
,
 
p
r
e
p
r
o
c
e
s
s
e
d
 
a
n
d
 
c
l
u
s
t
e
r
e
d
 
d
a
t
a
.
 
 
T
h
i
s
 
r
e
p
r
e
s
e
n
t
a
t
i
o
n
 
a
l
o
n
e
 
i
s
 
n
o
t
 
a
 
t
r
u
e
 
d
e
n
d
r
o
g
r
a
m
 
o
u
t
p
u
t
 
a
s
 
i
t
 
d
o
e
s
 
n
o
t
 
a
c
c
o
m
p
a
n
y
 
g
e
n
e
 
t
r
e
e
 
a
n
d
 
a
r
r
a
y
 
t
r
e
e
 
t
o
 
r
e
d
 
o
r
 
s
o
 
o
n
.
 
 
D
i
f
f
e
r
e
n
t
 
c
o
l
o
u
r
 
c
o
d
e
s
 
c
a
n
 
b
e
 
a
s
s
i
g
n
e
d
 
t
o
 
r
e
p
r
e
s
e
n
t
 
n
u
l
l
 
v
a
l
u
e
s
 
o
r
 
z
e
r
o
 
v
a
l
u
e
s
.
 
 
S
h
a
d
e
s
 
r
e
p
r
e
s
e
n
t
 
i
n
t
e
n
s
i
t
y
 
o
r
 
m
a
g
n
i
t
u
d
e
 
o
f
 
e
x
p
r
e
s
s
i
o
n
 
i
t
 
r
e
q
u
i
r
e
s
 
a
n
o
t
h
e
r
 
G
U
I
 
s
u
p
p
o
r
t
 
t
o
 
e
x
t
r
a
c
t
 
t
h
e
 
g
e
n
e
 
n
a
m
e
s
.
 
 
V
e
r
y
 
h
e
l
p
f
u
l
 
f
o
r
 
s
t
u
d
y
i
n
g
 
t
r
e
n
d
 
i
n
 
t
i
m
e
 
s
e
r
i
e
s
 
d
a
t
a
 
a
n
d
 
d
a
t
a
 
o
f
 
s
a
m
e
 
p
a
r
a
m
e
t
e
r
 
o
v
e
r
 
d
i
f
f
e
r
e
n
t
 
s
a
m
p
l
e
s
 
O
(
n
2
)
 
5
.
 
P
r
o
x
i
m
i
t
y
 
o
r
 
d
i
s
t
a
n
c
e
 
m
a
p
 
I
t
 
i
s
 
a
 
p
l
o
t
 
o
f
 
d
i
s
t
a
n
c
e
s
 
b
e
t
w
e
e
n
 
g
e
n
e
s
 
v
s
.
 
g
e
n
e
s
 
s
i
m
i
l
a
r
 
t
o
 
t
h
e
 
d
i
s
t
a
n
c
e
s
 
t
a
b
l
e
 
o
f
 
v
a
r
i
o
u
s
 
c
i
t
i
e
s
 
i
n
 
t
h
e
 
w
o
r
l
d
 
a
s
 
s
e
e
n
 
i
n
 
t
h
e
 
d
i
a
r
i
e
s
.
 
 
T
h
e
 
g
e
n
e
 
e
x
p
r
e
s
s
i
o
n
 
m
a
t
r
i
x
 
i
s
 
s
o
r
t
e
d
 
o
n
 
c
l
u
s
t
e
r
 
n
u
m
b
e
r
,
 
a
n
d
 
t
h
e
n
 
d
i
s
t
a
n
c
e
 
m
a
t
r
i
x
 
i
s
 
d
e
v
e
l
o
p
e
d
,
 
w
h
i
c
h
 
i
s
 
a
 
d
i
a
g
o
n
a
l
 
m
a
t
r
i
x
.
 
 
E
a
c
h
 
v
a
l
u
e
 
i
s
 
t
h
e
n
 
d
i
s
p
l
a
y
e
d
 
i
n
 
t
h
e
 
f
o
r
m
 
o
f
 
a
 
c
o
l
o
u
r
e
d
 
b
o
x
.
 
 
W
h
i
l
e
 
w
h
i
t
e
 
c
o
l
o
u
r
 
r
e
p
r
e
s
e
n
t
s
 
z
e
r
o
 
d
i
s
t
a
n
c
e
,
 
b
l
a
c
k
 
r
e
p
r
e
s
e
n
t
s
 
m
a
x
i
m
u
m
 
d
i
s
t
a
n
c
e
.
 
 
D
i
a
g
o
n
a
l
 
l
i
n
e
 
i
s
 
a
l
w
a
y
s
 
w
h
i
t
e
 
i
n
d
i
c
a
t
i
n
g
 
z
e
r
o
 
d
i
s
t
a
n
c
e
 
b
e
t
w
e
e
n
 
s
a
m
e
 
g
e
n
e
s
 
B
l
a
c
k
 
a
n
d
 
w
h
i
t
e
 
p
r
o
x
i
m
i
t
y
 
m
a
p
 
c
a
n
 
b
e
 
g
i
v
e
n
 
a
 
c
o
l
o
u
r
e
d
 
e
f
f
e
c
t
 
b
y
d
i
s
p
l
a
y
i
n
g
 
a
l
l
 
b
a
n
d
s
 
o
f
 
g
e
n
e
s
 
i
n
 
a
 
s
i
n
g
l
e
 
c
o
l
o
u
r
 
s
h
a
d
e
 
w
i
t
h
i
n
 
a
 
c
l
u
s
t
e
r
 
 
W
i
t
h
 
j
u
s
t
 
a
 
s
m
a
l
l
 
p
l
o
t
,
 
a
 
f
a
i
r
 
v
i
e
w
 
o
f
 
c
l
u
s
t
e
r
 
d
i
s
t
a
n
c
e
s
 
c
a
n
 
b
e
 
d
e
t
e
r
m
i
n
e
d
.
 
I
t
 
c
a
n
 
p
r
o
v
i
d
e
 
b
e
t
t
e
r
 
G
U
I
 
s
o
 
t
h
a
t
 
a
 
d
e
s
i
r
e
d
 
r
e
c
t
a
n
g
u
l
a
r
 
p
o
r
t
i
o
n
 
c
a
n
 
b
e
 
s
e
l
e
c
t
e
d
 
a
n
d
 
c
o
r
r
e
s
p
o
n
d
i
n
g
 
g
e
n
e
s
 
l
i
s
t
e
d
 
o
u
t
 
f
r
o
m
 
d
a
t
a
b
a
s
e
.
 
 
O
n
e
 
o
f
 
t
h
e
 
m
o
s
t
 
p
o
w
e
r
f
u
l
 
v
i
s
u
a
l
i
z
a
t
i
o
n
 
t
e
c
h
n
i
q
u
e
s
 
f
o
r
 
a
n
a
l
y
s
i
s
 
o
f
 
g
e
n
e
 
e
x
p
r
e
s
s
i
o
n
 
d
a
t
a
 
O
(
n
2
)
.
 
 
T
h
e
 
b
i
g
g
e
s
t
 
d
r
a
w
b
a
c
k
 
i
s
 
t
h
a
t
 
i
t
 
r
e
q
u
i
r
e
s
 
s
o
r
t
i
n
g
 
o
f
 
t
h
e
 
e
n
t
i
r
e
 
g
e
n
e
 
e
x
p
r
e
s
s
i
o
n
 
d
a
t
a
 
m
a
t
r
i
x
 
S
O
M
,
 
L
V
Q
,
 
k
-
m
e
a
n
s
,
 
H
C
,
 
S
V
M
 
a
n
d
 
P
C
A
 
[
8
]
,
 
[
1
6
]
 
6
.
 
M
i
c
r
o
a
r
r
a
y
v
i
e
w
 
 
H
C
 
[
V
e
r
y
 
m
u
c
h
 
s
i
m
i
l
a
r
 
t
o
 
d
e
n
d
r
o
g
r
a
p
h
 
v
i
e
w
 
(
o
r
 
c
h
e
c
k
s
 
v
i
e
w
)
 
a
n
d
 
i
s
 
u
s
e
d
 
f
o
r
 
v
i
s
u
a
l
 
i
n
s
p
e
c
t
i
o
n
 
o
f
 
r
a
w
,
 
p
r
e
p
r
o
c
e
s
s
e
d
 
a
n
d
 
c
l
u
s
t
e
r
e
d
 
d
a
t
a
 
S
a
m
e
 
a
s
 
d
e
n
d
r
o
g
r
a
p
h
 
v
i
e
w
 
S
a
m
e
 
a
s
 
d
e
n
d
r
o
g
r
a
p
h
 
v
i
e
w
 
O
(
n
2
)
.
 
 
B
i
g
g
e
s
t
 
d
r
a
w
b
a
c
k
 
i
s
 
t
h
a
t
 
i
t
 
r
e
q
u
i
r
e
s
 
s
o
r
t
i
n
g
 
o
f
 
t
h
e
 
e
n
t
i
r
e
 
d
a
t
a
 
m
a
t
r
i
x
 
S
O
M
,
 
L
V
Q
,
 
k
-
m
e
a
n
s
,
 
H
C
,
 
S
V
M
 
a
n
d
 
P
C
A
 
4
]
,
 
[
6
]
,
 
[
1
3
]
,
 
[
1
6
]
 
[
1
6
]
 
B
i
o
i
n
f
o
r
m
a
t
i
o
n
 
w
w
w
.
b
i
o
i
n
f
o
r
m
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
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_
_
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_
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_
_
_
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_
I
B
i
o
i
n
f
7
.
 
T
r
e
e
 
o
r
 
d
e
n
d
r
o
g
r
a
m
 
v
i
e
w
 
O
n
e
 
o
f
 
t
h
e
 
m
o
s
t
 
e
f
f
e
c
t
i
v
e
 
a
n
d
 
p
o
w
e
r
f
u
l
 
r
e
p
r
e
s
e
n
t
a
t
i
o
n
s
 
o
f
 
c
l
u
s
t
e
r
e
d
 
g
e
n
e
 
e
x
p
r
e
s
s
i
o
n
 
d
a
t
a
,
 
c
o
n
s
i
s
t
i
n
g
 
o
f
 
t
h
r
e
e
 
p
o
r
t
i
o
n
s
 
v
i
z
.
,
 
g
e
n
e
 
t
r
e
e
,
 
a
r
r
a
y
 
t
r
e
e
 
a
n
d
 
c
o
l
o
u
r
 
c
o
d
e
d
 
b
a
n
d
 
o
f
 
g
e
n
e
 
e
x
p
r
e
s
s
i
o
n
.
 
 
 
A
l
s
o
 
k
n
o
w
n
 
a
s
 
m
a
t
r
i
x
 
t
r
e
e
 
p
l
o
t
 
o
r
 
2
-
w
a
y
 
d
e
n
d
r
o
g
r
a
m
s
.
 
 
I
n
 
H
C
,
 
i
t
 
i
s
 
t
h
e
 
m
o
s
t
 
c
o
m
m
o
n
 
o
u
t
p
u
t
.
 
 
I
n
 
o
r
d
e
r
 
t
o
 
s
t
a
n
d
a
r
d
i
z
e
 
a
n
d
 
p
r
o
v
i
d
e
 
c
o
m
m
o
n
 
o
u
t
p
u
t
s
 
t
o
 
a
l
l
 
d
a
t
a
 
m
i
n
i
n
g
 
a
p
p
l
i
c
a
t
i
o
n
s
,
 
o
u
t
p
u
t
 
w
a
s
 
c
o
n
v
e
r
t
e
d
 
i
n
t
o
 
c
l
u
s
t
e
r
 
v
i
e
w
 
t
h
a
t
 
f
u
r
t
h
e
r
 
l
e
d
 
t
o
 
v
i
e
w
s
 
s
u
c
h
 
a
s
 
m
i
c
r
o
a
r
r
a
y
,
 
t
e
x
t
u
a
l
,
 
S
a
m
e
 
a
s
 
d
e
n
d
r
o
g
r
a
p
h
 
v
i
e
w
 
O
f
f
e
r
s
 
c
l
u
s
t
e
r
i
n
g
 
o
f
 
b
o
t
h
 
g
e
n
e
s
 
a
n
d
 
s
a
m
p
l
e
s
 
s
i
m
u
l
t
a
n
e
o
u
s
l
y
.
 
 
H
o
w
e
v
e
r
,
 
i
f
 
t
h
e
 
d
a
t
a
s
e
t
 
i
s
 
v
e
r
y
 
l
a
r
g
e
,
 
i
t
 
a
l
s
o
 
r
e
q
u
i
r
e
s
 
a
n
o
t
h
e
r
 
G
U
I
 
s
u
p
p
o
r
t
 
t
o
 
e
x
t
r
a
c
t
 
t
h
e
 
g
e
n
e
 
n
a
m
e
s
.
 
 
V
e
r
y
 
h
e
l
p
f
u
l
 
f
o
r
 
s
t
u
d
y
i
n
g
 
t
h
e
 
t
r
e
n
d
 
i
n
 
t
i
m
e
 
s
e
r
i
e
s
 
d
a
t
a
 
a
n
d
 
d
a
t
a
 
o
f
 
s
a
m
e
 
p
a
r
a
m
e
t
e
r
 
o
v
e
r
 
d
i
f
f
e
r
e
n
t
 
s
a
m
p
l
e
s
.
 
 
I
n
t
e
r
-
 
d
a
t
e
 
r
e
l
a
t
i
o
n
s
h
i
p
 
w
i
l
l
 
b
e
 
l
o
s
t
 
b
y
 
r
e
p
r
e
s
e
n
t
i
n
g
 
m
u
l
t
i
 
d
i
m
e
n
s
i
o
n
a
l
 
d
a
t
a
 
i
n
 
a
 
2
D
 
t
r
e
e
 
f
o
r
m
a
t
 
O
(
n
3
)
;
 
t
w
o
 
d
i
f
f
e
r
e
n
t
 
a
l
g
o
r
i
t
h
m
s
 
w
o
r
k
 
t
o
g
e
t
h
e
r
 
t
o
 
b
u
i
l
d
 
u
p
 
t
h
e
 
g
e
n
e
 
t
r
e
e
 
o
n
 
o
n
e
 
s
i
d
e
,
 
a
n
d
 
a
r
r
a
y
 
t
r
e
e
 
a
n
d
 
t
h
e
 
c
o
l
o
u
r
 
c
o
d
e
d
 
b
a
n
d
 
o
f
 
e
x
p
r
e
s
s
i
o
n
 
v
a
l
u
e
s
 
o
n
 
t
h
e
 
o
t
h
e
r
 B
i
o
i
n
f
o
r
m
a
t
i
o
n
 
b
y
 
B
i
o
m
e
d
i
c
a
l
 
I
n
f
o
r
m
a
t
i
c
s
 
P
u
b
l
i
s
h
i
n
g
 
G
r
o
u
p
 
 
 
o
p
e
n
 
a
c
c
e
s
s
 
w
w
w
.
b
i
o
i
n
f
o
r
m
a
t
i
o
n
.
n
e
t
 
 
 
 
 
V
i
e
w
s
 
&
 
C
h
a
l
l
e
n
g
e
s
 
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
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_
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_
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_
_
_
_
_
_
_
_
_
 
I
S
S
N
 
0
9
7
3
-
2
0
6
3
 
1
4
4
w
h
o
l
e
 
g
e
n
o
m
e
,
 
e
t
c
 
8
.
 
P
r
i
n
c
i
p
a
l
 
c
o
m
p
o
n
e
n
t
 
v
i
e
w
 
P
C
 
v
i
e
w
 
i
s
 
a
 
l
i
n
e
 
g
r
a
p
h
 
d
r
a
w
n
 
a
s
 
s
u
m
 
o
f
 
p
r
i
n
c
i
p
a
l
 
c
o
m
p
o
n
e
n
t
s
 
(
E
i
g
e
n
 
v
a
l
u
e
)
 
a
n
d
 
i
n
d
i
v
i
d
u
a
l
 
e
x
p
r
e
s
s
i
o
n
 
v
a
l
u
e
s
.
 
 
T
h
o
u
g
h
,
 
a
l
l
 
c
o
m
p
o
n
e
n
t
s
 
a
r
e
 
d
i
s
p
l
a
y
e
d
,
 
t
h
e
 
f
i
r
s
t
 
t
w
o
 
o
r
 
t
h
r
e
e
 
P
C
s
 
p
l
a
y
 
i
m
p
o
r
t
a
n
t
 
r
o
l
e
 
i
n
 
d
i
m
e
n
s
i
o
n
a
l
i
t
y
 
r
e
d
u
c
t
i
o
n
 
A
 
g
o
o
d
 
P
C
 
l
i
n
e
 
g
r
a
p
h
 
a
l
w
a
y
s
 
f
a
l
l
s
 
d
o
w
n
 
o
n
 
X
 
a
x
i
s
 
e
x
p
o
n
e
n
t
i
a
l
l
y
.
 
 
F
a
c
i
l
i
t
y
 
p
r
o
v
i
d
e
d
 
t
o
 
c
h
a
n
g
e
 
c
o
l
o
u
r
s
 
o
f
 
P
C
s
.
 
 
G
r
a
p
h
 
c
a
n
 
b
e
 
r
e
d
r
a
w
n
 
w
i
t
h
 
r
e
q
u
i
r
e
d
 
n
u
m
b
e
r
 
o
f
 
P
C
s
 
F
i
r
s
t
 
t
w
o
 
o
r
 
t
h
r
e
e
 
P
C
s
 
a
r
e
 
u
s
u
a
l
l
y
 
s
u
f
f
i
c
i
e
n
t
 
t
o
 
g
e
n
e
r
a
t
e
 
t
h
e
 
e
n
t
i
r
e
 
d
a
t
a
s
e
t
.
 
O
(
n
)
 
P
C
A
 
[
1
0
]
,
 
[
1
6
]
 
9
.
 
S
c
a
t
t
e
r
 
p
l
o
t
 
I
n
 
a
d
d
i
t
i
o
n
 
t
o
 
p
l
o
t
 
g
e
n
e
s
 
a
f
t
e
r
 
P
C
A
,
 
i
t
 
c
a
n
 
b
e
 
u
s
e
d
 
f
o
r
 
M
A
 
p
l
o
t
s
,
 
p
r
e
p
r
o
c
e
s
s
i
n
g
,
 
e
t
c
.
 
 
F
o
r
 
P
C
A
 
d
i
s
p
l
a
y
 
o
f
 
t
w
o
 
P
C
s
,
 
o
n
e
 
v
e
r
t
i
c
a
l
 
a
n
d
 
o
t
h
e
r
 
h
o
r
i
z
o
n
t
a
l
.
 
 
A
l
l
 
d
a
t
a
 
p
o
i
n
t
s
 
a
r
e
 
p
r
o
j
e
c
t
e
d
 
o
n
 
t
h
e
s
e
 
t
w
o
 
l
i
n
e
s
 
D
i
f
f
e
r
e
n
t
 
c
o
l
o
u
r
s
 
f
o
r
 
s
a
m
p
l
e
s
 
m
a
y
 
b
e
 
c
o
n
s
i
d
e
r
e
d
 
F
o
r
 
P
C
A
,
 
o
u
t
p
u
t
 
i
s
 
p
r
o
c
e
s
s
e
d
 
f
o
r
 
s
e
c
o
n
d
 
t
i
m
e
 
t
o
 
p
r
o
j
e
c
t
 
a
l
l
 
d
a
t
a
 
p
o
i
n
t
s
 
o
n
 
t
h
e
 
P
C
s
 
O
(
n
)
 
P
C
A
 
[
1
0
]
,
 
[
1
3
]
,
 
[
1
6
]
 
1
0
.
 
W
h
o
l
e
 
m
i
c
r
o
a
r
r
a
y
 
g
r
a
p
h
 
v
i
e
w
 
A
 
h
i
g
h
l
y
 
v
e
r
s
a
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p
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p
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p
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.
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p
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p
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p
l
e
s
.
 
 
F
a
c
i
l
i
t
y
 
t
o
 
c
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c
k
g
r
o
u
n
d
 
c
o
l
o
u
r
 
a
n
d
 
c
o
l
o
u
r
 
o
f
 
b
a
n
d
s
 
p
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c
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c
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c
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b
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p
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p
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p
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c
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c
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p
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p
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c
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c
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c
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s
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p
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o
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p
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p
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o
v
i
d
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i
n
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o
r
m
a
t
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o
n
 
o
n
 
o
v
e
r
a
l
l
 
o
v
e
r
 
a
n
d
 
u
n
d
e
r
 
e
x
p
r
e
s
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i
o
n
 
a
l
o
n
g
 
w
i
t
h
 
m
e
a
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u
p
p
e
r
 
a
n
d
 
l
o
w
e
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q
u
a
r
t
i
l
e
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o
g
e
t
h
e
r
 
i
n
 
o
n
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p
l
o
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n
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b
e
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p
p
l
i
e
d
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r
e
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u
c
e
d
 
o
r
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r
a
n
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o
r
m
e
d
 
d
a
t
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s
e
t
s
 
w
i
t
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a
r
g
e
 
n
u
m
b
e
r
 
o
f
 
i
n
s
i
g
n
i
f
i
c
a
n
t
 
g
e
n
e
s
 
a
n
d
 
s
a
m
p
l
e
s
 
p
r
u
n
e
d
 
b
e
 
i
n
t
r
o
d
u
c
e
d
 
f
o
r
 
d
i
f
f
e
r
e
n
t
 
s
a
m
p
l
e
s
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u
p
p
e
r
 
a
n
d
 
l
o
w
e
r
 
q
u
a
r
t
i
l
e
 
v
a
r
i
a
t
i
o
n
 
q
u
a
r
t
i
l
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c
a
n
 
b
e
 
v
i
e
w
e
d
 
s
i
m
u
l
t
a
n
e
o
u
s
l
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u
s
e
f
u
l
 
f
o
r
 
p
r
e
l
i
m
i
n
a
r
y
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n
a
l
y
s
i
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n
d
 
w
h
e
n
 
a
 
n
u
m
b
e
r
 
o
f
 
g
e
n
e
s
 
a
n
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a
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p
l
e
s
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a
v
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b
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e
n
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l
i
m
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n
a
t
e
d
,
 
c
a
u
s
i
n
g
 
c
h
a
n
g
e
 
i
n
 
t
h
e
 
m
e
a
n
 
a
n
d
 
o
t
h
e
r
 
p
a
r
a
m
e
t
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r
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n
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p
r
e
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p
r
o
c
e
s
s
e
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a
t
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a
b
l
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e
s
c
r
i
p
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a
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o
u
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v
i
s
u
a
l
i
z
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o
n
 
t
e
c
h
n
i
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c
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p
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t
e
d
 
b
y
 
P
.
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P
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i
n
f
o
r
m
a
t
i
o
n
 
1
(
4
)
:
 
1
4
1
-
1
4
5
 
(
2
0
0
6
)
 
L
i
c
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p
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c
l
e
,
 
w
h
i
c
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p
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r
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u
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e
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c
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e
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c
t
i
o
n
 
i
n
 
 
a
n
y
 
m
e
d
i
u
m
,
 
f
o
r
 
n
o
n
-
c
o
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c
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n
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n
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c
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